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Abstract 
Fatigue crack propagation tests have been performed in two heat-treated AlMgSi aluminum alloys under constant amplitude 
loading and peak overloads. All experiments were performed, in load control using M(T), specimens. Crack closure was 
monitored in the tests by the compliance technique using a pin microgauge. A strong material dependence effects on the fatigue 
crack growth were observed. The crack growth behavior of heat-treated aluminum alloys depends mainly on whether the 
dominant closure mechanism is plasticity-induced or roughness-induced. The enhancement of roughness-induced closure 
promotes higher crack growth resistance in these alloys. Roughness-induced closure dominates crack closure in 6061-T651 alloy, 
while in 6082-T6 aged hardened alloy plasticity-induced closure is dominant. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The influence of mean stress on the fatigue crack growth rate has been explained with success by the crack 
closure using the normalized load parameter U [1]. It is generally accepted that fatigue crack growth in the Paris 
regime is only weakly dependent on the materials microstructure when represented against ΔKeff [2]. However, when 
da/dN is plotted against ΔK a number of examples of microstructure-dependent fatigue crack growth were reported 
in the literature [3]. In all cases, accordingly with Bergner and Zouhar [3], the crack growth behavior depends 
mainly on whether an alloy presents plasticity-induced crack closure only, or additionally other retarding 
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mechanisms such as roughness-induced closure. The present work intends to analyze the fatigue crack propagation 
in two heat-treated aluminum alloys, namely the 6082–T6 and 6061-T651 age-hardened alloys.  
2. Experimental details 
This research was conducted using AlMgSi aluminum alloys with a T6 heat treatment, namely the AA6082-T6 
and AA6061-T651 alloys. These alloys differ mainly in the silicon, manganese and chromium contents. The alloys 
have similar monotonic and cyclic mechanical properties. Fatigue crack growth tests were undertaken, in agreement 
with ASTM E647 standard [4] using M(T) specimens. For 6061-T651 aluminum alloy 3, and 6 mm thickness 
specimens were used. The thickness of 6082-T6 aluminum alloy specimens was 3 mm. Load-displacement behavior 
was monitored using a pin microgauge elaborated from a high sensitive commercial axial extensometer. The 
opening loads, Pop, were obtained from these records using the correlation coefficient maximization technique [5].  
3. Results and discussion 
Fig. 1a) shows the comparison between the crack growth behaviors of alloys 6082-T6 and 6061-T651 under the 
same stress ratio R=0.05. The correspondent crack closure levels are presented in Fig. 1b). 
Fig. 1. Comparison between aluminium alloys 6082-T6 and 6061-T651 at R=0.05: (a) fatigue crack growth rates; (b) crack closure level. 
 
Fig. 1a) shows that crack growth rates for alloy 6061-T651 are significantly lower than the ones obtained for 
alloy 6082-T6. Therefore, in spite of similar monotonic and cyclic properties, alloy 6061-T651 presents a 
significantly higher resistance to crack propagation. Moreover, the crack growth behavior observed for the 6082-T6 
alloy is quite different of the relatively wavy appearance of the da/dN curves observed for 6061-T651 alloy. This 
figure also clearly shows that specimen thickness has no significant influence in the crack growth behavior of alloy 
6061-T651. 
Fig 1b) shows that the crack closure data are in accordance with the observed variation in the crack growth rates 
presented in Fig. 1a), i.e., higher closure levels for lower da/dN values. Alloy 6061-T651 presents a significant 
higher crack closure level than alloy 6082-T6. This behavior is attributed to the abrupt change of the propagation 
0.2
0.4
0.6
0.8
1
4 6 8 10 12 14
ΔK [MPam1/2]
U
 [-
]
6082, 3 mm
6061, 3 mm
6061, 6 mm
1.E-06
1.E-05
1.E-04
1.E-03
1 1 1 1
da
/d
N
 [m
m
/c
yc
le
]  
ΔK [MPa m1/2]
6082-T6
6061-T651, 3 mm
6061-T651, 6 mm
4 20106 8 14
10-6
10-5
10-4
10-3
177 L.P. Borrego et al. /  Procedia Engineering  74 ( 2014 )  175 – 178 
mechanisms in this alloy, which promotes a high level of roughness induced closure in the initial phase of crack 
propagation. 
Fig. 2 shows the da/dN-ΔKeff data for alloy 6061-T651 for both 3 and 6 mm thicknesses at R=0.05. The 
characteristic da/dN-ΔKeff curve for alloy 6082-T6 is also superimposed in the figure for comparison. The fatigue 
crack growth rate data tend to fall within a very narrow scatter band when da/dN is plotted against ΔKeff. Therefore, 
crack closure by itself permits the reduction of the da/dN-ΔK curves to a unique curve da/dN-ΔKeff independent of 
the material once the crack closure effect is accounted for. 
Fig. 2. Fatigue crack growth rate versus ΔKeff. 
 
Bergner et al [3] classified aluminium alloys in two distinct groups: group I with approximately equal crack 
growth rates at ΔΚ0=10 MPam, of about (1.65±0.45).x.10-4 mm/cycle and group II with varying da/dN at ΔΚ0. 
Crack growth rates of group II are always lower than those observed for group I. They propose that the main 
criterion of differentiation between the alloys of groups I and II is whether an alloy shows, respectively, plasticity-
induced closure only or additionally other retarding mechanisms such as roughness-induced closure. 
Fig. 1a) shows that alloy 6082-T6 presents a crack growth rate of 1.69x10-4 at ΔΚ0=10 MPam. Therefore is 
included in group I. However, alloy 6061-T651, although being in a similar artificially aged condition, has a lower 
value of da/dN at ΔΚ0, approximately 4.16x10-5 mm/cycle, being better included in group II. Therefore, distinct 
closure mechanisms exist in the alloys. For alloy 6082-T6 plasticity and roughness-induced crack closures must be 
present, being the last significant only near threshold. For alloy 6061-T651 roughness-induced closure must also be 
dominate in the majority of the Paris regime. 
The comparison of the transient crack growth behaviour following a 100 % single tensile overload applied in 
both alloys at R=0.05 and ΔK=8 MPam can be seen in Fig. 3a). The correspondent crack closure levels are 
presented in Fig. 3b). The crack growth transients in alloy 6082-T6 are in accordance with the behaviour usually 
referred to as delayed retardation of crack growth [6]. Alloy 6061-T651 presents mainly an immediate retardation, 
followed by an increase in the crack growth rate, even above the constant amplitude da/dN. Moreover, the overload 
retardation effect is much higher in alloy 6082 than in alloy 6061, retardation during approximately a-aOL=3.8 mm 
for alloy 6082, while during only 1.5 mm for alloy 6061. Fig. 3b) clearly shows that the crack closure level variation 
in alloy 6082-T6 is also higher than in alloy 6061-T651. This behaviour is attributed to the high pre-overload 
closure level observed for alloy 6061-T651 with the already mentioned dominance of roughness-induced closure.  
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Fig. 3. Single tensile overload applied in both alloys at R=0.05 and ΔK=8 MPam: (a) Transient crack growth rate; (b) crack closure level. 
 
4. Conclusions 
In spite of similar monotonic and cyclic properties, alloy 6061-T651 presents a significantly higher resistance to 
crack propagation in comparison to alloy 6082-T6. For the analyzed alloys crack closure by itself permits the 
reduction of all the propagation curves to a unique curve da/dN-ΔKeff independent of the alloy and thickness. In the 
alloy 6082 age hardened by artificially ageing plasticity-induced closure is dominant, while roughness-induced 
closure dominates crack closure in 6061-T651 age hardened alloy. This effect is reflected in the transient crack 
growth behavior under peak overloads.  
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